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Non-technical summary
Our paper adds to a better understanding of the risks posed by banks' reliance on wholesale funding.
Wholesale funding refers to the use of deposits and other liabilities from institutions such as banks, pension funds, money market mutual funds and other financial intermediaries. When a bank relies on short-term wholesale funds to support long-term illiquid assets (such as mortgage loans to households and investment loans to firms), it becomes vulnerable to runs by wholesale creditors. This risk manifested itself since the start of the financial crisis in 2007, when banks were confronted with severe strains in funding liquidity. Funding strains forced banks to adjust their balance sheets in various ways.
They responded by reducing maturity mismatches, switching to alternative sources of finance and by deleveraging. This activated the so-called liquidity channel of financial transmission through which funding liquidity shocks are propagated to bank lending and the real economy. Our paper provides new empirical insights into the working of the liquidity channel.
We use a unique, new set of monthly data of 181 euro area banks. Balance sheet data are combined with data of loan rates and data of central bank borrowing by individual banks. This unique combination of data and its high frequency allow us to address two research questions: i) how did banks with different characteristics respond to wholesale funding shocks in terms of adjustments of lending volumes and loan rates? ii) to what extent has the extension of central bank refinancing operations mitigated these volume and price effects? To capture the dynamics between the assets and liabilities of banks, we use a multi-equation framework, which relates bank funding variables to bank assets and bank loan interest rates.
We find that banks respond to wholesale funding shocks in several ways. Household and corporate loan growth rates decline and interest rates increase in response to a fall in wholesale funding growth (and vice versa), being either interbank funding or securities issuance. Corporate lending growth and interest rates are more sensitive to wholesale funding conditions than household lending growth and interest rates. The intuition behind this is that a wholesale funding shock forces banks to adjust their asset side quickly, both in terms of size and in terms of risk. Banks realise this adjustment by changing their corporate lending rather than their household lending, since in general the former has a shorter maturity and a higher risk profile than the latter. The response of loan growth to a shock in securities funding is greater for banks in stressed countries and for banks with high central bank borrowing, compared to banks in non-stressed countries and banks with low central bank borrowing. However, differences in lending responses to wholesale funding shocks between high and low borrowing banks are not statistically significant (contrary to the responses of lending rates), particularly not with regard to shocks in interbank funding, which was mostly substituted by central bank funding. This result indicates that central bank funding mitigated the impact of wholesale funding shocks on bank lending volumes, but
1.

Introduction
The purpose of this paper is to add to a better understanding of the risks posed by banks' reliance on wholesale funding. Wholesale funding refers to the use of deposits and other liabilities from institutions such as banks, pension funds, money market mutual funds and other financial intermediaries. When a bank relies on short-term wholesale funds to support long-term illiquid assets, it becomes vulnerable to runs by wholesale creditors. This risk manifested itself since the start of the financial crisis in 2007, when banks were confronted with severe strains in funding liquidity. Interbank funding dried up, causing interbank money market spreads to soar (Figure 1 ). After the failure of Lehman Brothers in 2008, this was soon followed by the drying up of wholesale funding markets. The functioning of those markets was severely undermined by increased counterparty risk and a shortage of high-quality collateral. From 2011 onward, when the financial crisis was followed by the sovereign debt crisis, banks in peripheral euro area countries even faced an accelerating outflow of retail funding, normally one of the most stable funding sources. Those funding strains forced banks to adjust their balance sheets in various ways. They responded by reducing maturity mismatches, switching to alternative sources of finance and by deleveraging. This activated the so-called liquidity channel of financial transmission through which funding liquidity shocks are propagated to bank lending and the real economy (BCBS, 2011) . Our paper provides new empirical insights into the working of the liquidity channel.
[insert Figure 1] The Eurosystem has reacted to banks' funding strains by various measures. Refinancing operations have been extended in terms of maturity, size and conditions. This enabled banks to obtain liquidity from the central bank at fixed rate at full allotment. In particular the two very long-term refinancing operations (VLTROs) of end-2011 and early 2012 have relieved the funding strains. While banks in stressed countries benefitted most from these measures, banks in non-stressed euro countries used the central bank deposit facility to a larger extent. By this, the Eurosystem took over part of banks' intermediation function through the money market. Only recently, since 2013, the intermediary role of the Eurosystem has gradually declined owing to repayments by banks on VLTROs. The targetted long-term refinancing operations (TLTROs), launched in 2014, has increased the ECB's outstanding loans again from September 2014 onwards.
This paper contributes to the growing literature on how banks adjust to funding liquidity shocks, using a unique, new set of monthly data of 181 euro area banks. Balance sheet data are combined with data of loan rates and data of central bank borrowing by individual banks. This unique combination of data and its high frequency allow us to address two research questions: i) how did banks with different characteristics respond to wholesale funding shocks in terms of adjustments of lending volumes and Banks' behavioural responses to funding liquidity shocks have been addressed in the recent literature on bank liquidity, both empirically and theoretically (see Section 2). However, this research is mostly based on data of US banks, while our paper covers a large sample of euro area banks. For the euro area, insight in the transmission of funding shocks is highly relevant given its bank-based financial system.
Moreover, the responses of banks in the euro area are likely to be more heterogeneous than in the US, given different levels of financial integration and exposures to sovereign risk. Another contribution of our paper is that we allow for two-way interactions between the asset and liability side while addressing banks' responses to funding stress. The dynamic interactions between assets and liabilities are described in the context of a financial flow model (see e.g. Berg (2012) ). In such a model deposits generate loans, since an increase of deposit funding improves the liquidity position of banks and thereby their capacity to extend loans (loans being the monetary counterpart of deposits). Vice versa, bank loans create deposits, since the funds received by a borrower will end up in a deposit, either in the account of the borrower or in the account of his counterparty who receives a payment. However, this does not mean that it is a closed system in which loan growth equals deposit growth by definition. First, a loan from one bank may be deposited at another bank. Second, banks can use alternative (i.e., wholesale) funding sources for their lending activities, while firms and households can invest in assets other than deposits.
Third, there can also be leakages from the non-financial to the financial sector or to institutions abroad.
To capture the dynamics between the assets and liabilities of banks, we use a multi-equation framework, which relates bank funding variables to bank assets and bank loan interest rates -instead of a singleequation framework. A multi-equation approach has been used before. Spindt and Tarfan (1980) , for example, model US banks' liquid assets and liabilities as a system of equations. In their model, liabilities are qualified as (weakly) exogenous and assets as endogenous, based on the idea that banks can determine their investment and lending strategies, while the availability of funding is predominantly given. We adopt similar assumptions in this paper. However, there are several differences between their and our approach. of total euro area main bank assets and 56% of total bank loans. It covers a diverse set of banks, ranging from large and complex institutions to small regional banks.
In the analysis we focus on the effects of shocks in wholesale funding, in particular interbank funding (both secured and unsecured) and security issuance by banks. We also include interbank money market spreads at the country level to control for wholesale funding costs. The adjustments of bank lending and loan rates in response to funding shocks are simulated while controlling for credit demand, which is proxied by an economic indicator. By including this indicator, next to volumes and prices of loans, the model captures both credit demand and credit supply effects. Demand effects are driven by the need for and price of bank credit. Adjustments of loan rates may result from changes in funding costs, which banks pass on to their customers, or from reduced access to funding, which forces banks to raise loan rates. As a consequence, the demand for credit may fall according to the bank interest rate channel of financial transmission (Angeloni et al., 2003 in the sense of relative vulnerability during the sovereign debt crisis). The bank capital channel is beyond the scope of our analysis and is left for future research.
We find that banks respond to wholesale funding shocks in several ways. Through the liquidity channel, household and corporate loan growth rates decline and interest rates increase in response to a fall in wholesale funding growth (and vice versa), being either interbank funding or securities issuance.
Corporate lending growth and interest rates are more sensitive to wholesale funding conditions than household lending growth and interest rates. The intuition behind this is that a wholesale funding shock forces banks to adjust their asset side quickly, both in terms of size and in terms of risk. Banks realise this adjustment by changing their corporate lending rather than their household lending, since in general the former has a shorter maturity and a higher risk profile than the latter. The response of loan growth to a shock in securities funding is greater for banks in stressed countries and for banks with high central bank borrowing, compared to banks in non-stressed countries and banks with low central bank borrowing. However, differences in lending responses to wholesale funding shocks between high and low borrowing banks are not statistically significant (contrary to the responses of lending rates),
particularly not with regard to shocks in interbank funding, which was mostly substituted by central shocks on bank lending volumes, but less so on lending rates. Bank size is a determining factor for the transmission of wholesale funding shocks. Lending by large banks that are typically more dependent on wholesale funding, responds more strongly to a shock in securities funding compared to lending by small banks. Likewise, lending by banks with greater exposures to government bonds responds stronger than lending by banks with limited government exposure.
All in all, the results show that funding liquidity risk is a determining factor in monetary transmission and that bank characteristics determine the extent to which this channel is at work. Moreover, there is some evidence that central bank borrowing shielded bank lending from shocks in wholesale funding markets to some extent. From this we conclude that the unconventional monetary policy measures of the Eurosystem, notably the unlimited provision of liquidity to banks, has contributed to support private credit growth.
The structure of the paper is as follows. Section 2 reviews some related literature, while Section 3 introduces the model. Section 4 describes the data and some stylized facts. Section 5 discusses the results and Section 6 presents the outcomes for various subsamples. Section 7 concludes.
Related studies
Since the financial crisis, a growing literature has addressed the transmission of bank funding shocks to bank lending. We discuss several studies, without claiming to be complete.
Concerning the response of bank lending to funding liquidity shocks, the theoretical study of Diamond and Rajan (2005) stresses the interaction and reinforcing effects of banks' liquidity shortages and solvency problems. They explain how aggregate liquidity shortages can emerge and force banks to prematurely restructure loans that otherwise would generate liquidity, which can restrain future lending. Empirically, the response of bank lending to funding shocks has been examined mostly by means of single equation models. For example, Ivashina and Scharfstein (2010) find that a greater volatility of deposits and more frequent and greater draws on committed credit lines prompt US banks to reduce lending. Cornett et al. (2011) report that US banks with more stable funding sources were better able to continue lending during the crisis. The results of Damar et al. (2014) suggest that wholesale funding by Canadian banks is primarily allocated to large corporate loans and that adverse shocks on wholesale funding markets most likely affect businesses that receive large loans.
Several studies find that the strength of banks' balance sheets influences the transmission of funding shocks to lending. Kapan and Minoiu (2013) conclude that the sensitivity of bank lending to market ECB Working Paper 1884, February 2016liquidity shocks depends on the strength of banks' balance sheets. Based on single equation regressions with micro-data of syndicated loans of more than 800 banks in 55 countries they find that banks that were more dependent on market funding and had lower structural liquidity, reduced the supply of credit more than other banks. Higher and better-quality capital mitigates this effect. Dinger and Craig (2013) model the reverse causality, running from deposits to loans, for the largest US banks. It turns out that banks facing high uncertainty in loan volumes react to loan shocks by mainly adjusting their wholesale funding while those facing lower volatility rather modify retail deposit volumes.
Recently, some empirical studies have focused on financial transmission in the euro area. framework, while taking into account different bank characteristics. We also contribute to the literature by providing new empirical evidence on the effects of central bank liquidity supply on bank responses to wholesale funding shocks.
Model
Following De Haan and Van den End (2013), we use a panel-VAR model, which treats all variables in the system as endogenous and allows for unobserved individual heterogeneity by including fixed effects:
where Xt is a vector containing an indicator for credit demand and the money market swap spread for
Yit is a vector of balance sheet and loan rate variables for each bank i and month t. Ai is a matrix of bank-specific fixed effects, B(L) is a matrix polynomial in the lag operator whose order is 2.
1 it  is the error term. The coefficients of the p-VAR model are estimated by system Generalised Method of Moments (GMM), using lags of the model variables as instruments.
2 GMM is widely used in the absence of strictly exogenous variables or instruments; see for instance Doytch and Uctum (2011) .
System GMM has one set of instruments to deal with the endogeneity of regressors and another set to deal with the correlation between the lagged dependent variables and the error terms. The fixed effects are eliminated by expressing all variables as deviation from their means. Since the fixed effects are correlated with the regressors as a result of the inclusion of lags of the dependent variables, ordinary mean-differencing (i.e. expressing all variables as deviations from their full sample period means), as commonly used to eliminate fixed effects, would create biased coefficients. To avoid this problem, forward mean-differencing, also known as 'Helmert' transformation', is used instead (cf. Arellano and Bover, 1995) . This procedure removes only the forward mean, i.e. the mean of all future observations available in the sample and preserves the orthogonality between transformed variables and lagged regressors, so that the lagged regressors can be used as valid instruments for estimating the coefficients by system GMM.
The main aim is to identify banks' responses in lending volumes and lending rates to shocks in wholesale funding. We distinguish two sources of wholesale funding: (1) interbank borrowing (MFI) and (2) securities issued (S_is). Interbank borrowing excludes funding from the Eurosystem. For bank lending, we consider both lending to households (L_hh) and lending to non-financial corporations (L_nfc).
Likewise, for lending rates we distinguish rates on new loans to households (R_lhh) and rates on new loans to non-financial corporations (R_lnfc). As control variables we include the spread on the money market swap rate (Spread) and the Economic Sentiment Indicator (ESI) for each country in the sample.
Spread represents the cost of unsecured interbank funding; since it is not available for individual banks and countries we use the euro area average. ESI is a composite indicator made up of five sectoral confidence indicators at the country level, which controls for credit demand. This economic indicator is highly correlated with quarterly GDP growth (see Figure 2) , and is available at a monthly frequency.
3
Since the business cycle is a main determinant for corporate defaults, the ESI implicitly also reflects credit risk. Appendix A shows the definitions of the variables.
[insert Figure 2 ]
To keep the p-VAR models estimable, we restrict the number of variables per p-VAR model to five and estimate four separate models. Each model includes one wholesale funding variable (MFI or S_is) and one lending variable (L_hh or L_nfc), together with the corresponding lending rate (R_lhh or R_lnfc).
All models contain the two control variables, Spread and ESI. Each model is used to analyse the effect of a particular wholesale funding shock on a particular lending volume and rate. We include the wholesale funding variables and lending variables in terms of month-on month growth rates. Interest rates, the spread and the ESI, typically being stationary, are included in levels. Moreover, the forward mean-differencing transformation contributes to the stationarity of the model variables. Panel unit root tests indicate that all series are stationary.
To examine banks' responses to funding liquidity shocks, we use impulse-response functions that are derived from the p-VAR models. The shocks are orthogonalized, so that the response of one variable to a shock in another variable can be interpreted as the reaction of the former variable to the innovations in the latter, while holding all other shocks equal to zero. By this we can isolate credit supply from credit demand effects. To orthogonalize the shocks it is necessary to decompose the residuals. The decomposition is conducted by imposing a particular ordering of the variables in the system and attributing any correlation between the residuals of any two elements to the variable that comes first in the ordering. This procedure is known as the Choleski decomposition. The identifying assumption is that variables that come earlier in the ordering affect the following variables contemporaneously, as well as with lags, while the variables that come later affect the previous variables only with lags. In other words, the variables that appear earlier in the ordering are more exogenous than the ones that appear later (or, more formally, in the short run the former are weakly exogenous with respect to the latter). We perform robustness checks to test the sensitivity of the outcomes for changes in the ordering of the variables in Section 6.3. These robustness tests show that the outcomes are not sensitive to changing the order of ESI, but that ordering the wholesale funding variables last, i.e. after the lending variables, affects the significance of some of the impulse responses of loan growth with regard to a shock in wholesale funding. From an economic perspective, such an reverse ordering does not seem very plausible.
For our four model specifications, we generally adopt the following principles with respect to the ordering of the variables. The economic indicator ESI (reflecting overall credit demand in a particular country) comes first in the ordering, assuming that it is the most exogenous variable for the individual bank. Second, we assume that shocks in the availability and cost of funding have an immediate effect on the asset side of the balance sheet (credit supply and loan rate) and that funding conditions respond to asset side shocks with a lag. This assumption reflects the fact that funding depends on market conditions that are often outside the banks' direct control, while banks' asset management in principle is at their own discretion. 5 In other words, the liability side (costs and volumes) is more exogenous than the asset side and therefore liability items appear earlier in the ordering. Third, we assume that wholesale variables (both rates and volumes) respond more quickly than retail items. This takes into account that wholesale instruments usually have shorter maturities than retail instruments and therefore can be more easily adjusted. Based on these assumptions, Spread is ordered second in the models, followed by the wholesale funding volumes (MFI or S_is) as a third variable, while the lending rate (R_lhh or R_lnfc) and lending volume (L_hh or L_nfc) are ordered as fourth and last variable, respectively.
Since the impulse-response functions are constructed from the model's estimated coefficients, the latter's standard errors need to be taken into account. We calculate the standard errors and generate confidence intervals of the impulse response functions using Monte Carlo simulations. This is conducted by taking random draws of the model's coefficients, using the estimated coefficients and their variancecovariance matrix. We take 200 draws. The 5th and 95th percentiles of the resulting distribution are used for the 90% confidence intervals of the impulse-responses.
Data
The data source of the bank variables is the ECB's individual balance sheet and interest rates statistics , with a standard deviation of 5 percentage points. The median bank borrows very little from the Eurosystem, i.e. only 0.2% of main assets (this information has been obtained from another internal ECB data source). The average is however much higher at 3% and the standard deviation is even larger at 5 percentage points. The asset side of the balance sheet is dominated by loans to households (25% of main assets on average), nonfinancial corporate borrowers (21%) and to other MFIs (16%). On average 6% of the balance sheet consists of euro area government securities.
[insert Table 1 ] Table 2 shows the summary statistics of the variables used in the VAR models. The average month on month growth rates of lending to households and to non-financial corporate borrowers is 0.14% and 0.31%, respectively. Month on month rates are quite volatile. The respective standard deviations are 2.70 percentage points and 3.94 percentage points. Over the sample period, average month on month growth rates of securities issued and borrowing from MFIs are negative (-0.68% and -0.32%
respectively.) The growth rates of these wholesale funding types are much more volatile than lending growth rates. The growth rate of securities has a standard deviation of 7.06 percentage points.
Borrowing from MFIs shows the highest volatility with 21.66%. One possible interpretation is that this high volatility is caused by 'end of day' borrowing due to unforeseen liquidity shocks from other sources (such as in and outflows of deposits).
[insert Table 2] 8 Data on borrowing from the Eurosystem, taken from another internal ECB data source, is used to exclude the Eurosystem borrowing from total MFI borrowing. 9 The dataset contains banks' main assets, not all assets.
5.
Results
In this section several p-VAR models are estimated to investigate bank lending behaviour following a shock in wholesale funding. We estimate four variants of model (1) 
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In the parsimonious models we estimate, possible interactions may be missing. However, for a larger model the VAR lacks degrees of freedom. The model specifications are useful for the purpose of our model, which is not aimed at a full description of interactions, but at assessing the responses of lending variables to particular types of wholesale funding shocks. For this purpose, the relevant variables are captured in the model specifications.
Liquidity channel: impact on lending volumes
The liquidity channel is first explored by simulating the impact of shocks in wholesale funding volumes on lending. From the impulse responses of the full sample of banks (Figure 3 ) it appears that both corporate and household loans (L_nfc and L_hh) react significantly and positively to a shock in wholesale funding (S_is and MFI). Hence, a decline in the growth of market funding leads to declining lending growth and vice versa. The shock effects only lasts for one month and becomes nil after around 10 The third sample-split allows us to analyse the effect of central bank borrowing, which could not be included as a variable in the p-VAR models, because many banks do not borrow from the central bank (complicating log transformation and model estimation as inclusion of central bank borrowing would require dropping another variable from the model to preserve a minimum number of degrees of freedom).
3 months. Lending to non-financial corporations is more sensitive to wholesale funding shocks than lending to households. The 12 month cumulative effect of a 1 standard deviation shock in the growth rate of interbank funding (i.e. a change of 22 percentage points) leads to a decline of 0.19 percentage point in corporate loan growth, compared to a 0.01 percentage point decline in household lending growth (Table 3 ). This corresponds with findings in related literature, which point at a relative high sensitivity of business loans to wholesale funding (see, for instance, Damar et al., 2014) . The intuition behind this is that a wholesale funding shock forces banks to adjust their asset side quickly, both in terms of size and risk. Banks realise this adjustment by changing their corporate lending rather than their household lending, since in general the former has a shorter maturity and a higher risk profile than the latter, which makes it easier to adjust the corporate loan portfolio.
[insert Figure 3 and Table 3] While corporate lending is more sensitive to a shock in interbank funding (MFI) than to a shock in securities funding (S_is), household lending growth responds more strongly to a shock in securities funding. The cumulative impact over 12 months on household lending growth is five times higher for a shock in securities funding than for a shock in interbank funding (Table 3) . This result could be explained by the importance of securitisation for the funding of mortgages, in line with Bonaccorsi di Patti and Sette (2012), who show that Italian banks that heavily relied on securitization curtailed lending more than other banks.
Bank interest rate channel: impact on lending rates
The bank interest rate channel assumes the pass-through of funding costs to loan interest rates, which affects the demand for loans by households and corporate borrowers. This channel is explored by focusing on the impact of wholesale funding costs on household and corporate lending rates (R_lnfc and R_lhh) in models 2-5. From the impulse responses for the full sample of banks (Figure 4 ), it appears that the sensitivity of the corporate lending rate to a shock in the money market swap rate is substantially higher than the corresponding sensitivity of the household lending rate; a 1 standard deviation shock in Spread (i.e. 17 basis points) leads to a 0.20 percentage point positive change in R_lnfc, compared to a 0.10 percentage point change in R_lhh, cumulatively measured over 12 months (Table 3) . This underlines the relatively high sensitivity of corporate lending conditions to shocks in wholesale funding markets.
[insert Figure 4] ECB Working Paper 1884, February 2016
In most instances, lending rates do not show a significant response to shocks in wholesale funding volumes, except for household loan rates with regard to a shock in securities funding. A 1 standard deviation shock in the growth rate of securities issued (i.e. 7 percentage points change) leads to a 0.21 percentage point negative change in R_lhh, measured cumulatively over 12 months (Table 3 ). The negative sign of the impulse response means that a decrease (increase) in securities funding leads to an increase (decrease) of household lending rates. The effect on loans rates after an interbank funding shock is insignificant. This could be explained by the fact that shocks in the interbank market more likely affect loan rates through the channel of the money market spread than through the channel of interbank funding volumes.
Subsamples
Banks in stressed versus non-stressed countries and the influence of central bank borrowing
To investigate whether the effects of wholesale funding shocks differ between banks in stressed versus non-stressed countries we define a sub-sample of banks located Greece, Italy, Ireland, Portugal, Spain, and Cyprus, which were relatively severely hit by the sovereign debt crisis, versus a sub-sample of banks located in the other euro area countries (which we frame 'non-stressed' countries). The cumulative response of loan growth to a shock in S_is is greater in stressed countries than in non-stressed countries, although the difference between both subsamples is not statistically significant 11 ( Figure 5 , mind that the cumulative responses and the statistical significance of the difference in impulse responses are two different measures for comparing the results between groups). Banks in non-stressed countries are, on average, more dependent on wholesale funding than banks in stressed countries; the combined share of interbank borrowing and securities issued for the former sub-sample is 35% of main assets, compared to 27% for the latter sub-sample (Table 1) . However, banks in stressed countries were hit relatively strongly by the turbulence in financial markets; particularly during the 2010-13 sovereign debt crisis, when their access to market funding virtually shut down. The difference between the cumulative effects of a shock in MFI on lending growth of banks in stressed versus non-stress countries is negligible, although the confidence bands of the impulse responses do not overlap for all lags, meaning that the difference between the responses of banks in stressed versus non-stressed countries is statistically significant.
[insert Figure 5 ]
Household lending rates in stressed countries show a relatively strong negative response to a shock in both S_is and MFI (Figure 6 ), implying that a fall (rise) in wholesale funding leads to a rise (fall) in the loan rate. Household lending rates in stressed countries change approximately 0.3 to 0.4 percentage points after a 1 standard deviation shock in wholesale funding growth. This response of household loan rates in stressed countries is significantly different from the response of household loan rates in nonstressed countries (Figure 6 shows that the confidence bands of the impulse responses of the two subsamples do not overlap for all lags).
[insert Figure 6 ]
The responses of lending growth and loan rates in response to wholesale funding shocks also differ between banks that heavily borrowed from the Eurosystem and banks that borrowed little (banks with high (low) Eurosystem funding are banks with an average central bank funding over main assets ratio above (below) the median ratio during the sample period). The growth of lending by banks with a high level of central bank borrowing ("high borrowing banks") shows a stronger response to shocks in S_is compared to low borrowing banks (Figure 7 ), although this difference is not statistically significant. The difference between both sub-samples of banks with regard to the effect on lending growth in response to shocks in MFI is less obvious. The household lending rate of high borrowing banks shows a relatively strong negative response to a shock in S_is (Figure 8 ), implying that a fall (rise) in securities funding leads to a rise (fall) in the loan rate. This response of household loan rates of high and low borrowing banks is only statistically different in case of a shock in MFI.
[insert Figure 7 and 8]
Banks in stressed-countries rely much more on the Eurosystem than banks in non-stressed countries.
For the former sub-sample, central bank borrowing is on average 5% of main assets compared to 1% for the latter sub-sample (Table 1) . 12 While the effects of wholesale funding shocks on lending by banks in stressed countries and on banks that borrow more from the central bank is stronger, the availability of central bank funding may have mitigated the shock effects. This assumption is supported by the fact that the difference in response of lending growth and (in most instances) loan rates to wholesale funding shocks between high versus low borrowing banks is not significant. Central bank funding partly substituted the fall in wholesale funding during the crisis. Consequently, the central bank shielded banks in stressed countries to some extent from the effects of shocks in wholesale funding markets.
This substitution effect is illustrated by a simple model, which regresses the ratio of central bank funding over total assets (CB_bort) on 12 lags (p = 12) of variable MFI,
The estimations shown in Table 4 suggest that banks tend to borrow more from the central bank after an adverse shock in the interbank market (the coefficients of MFI are negative). This result indicates that central bank funding substitutes interbank funding. The coefficients of MFI of high borrowing banks are more significant and have higher values compared to the coefficients of low borrowing banks.
Hence, the former sub-sample of banks borrows more from the Eurosystem in response to a fall in interbank funding than the latter sub-sample. We also ran the regression of model 6 with lags of S_is as explanatory variables instead of MFI. The results in Table 4 show that banks react to a lesser extent by borrowing from the Eurosystem after a shock in securities funding than after a shock in interbank funding (the coefficients of S_is are not significant for most lags). This illustrates that central bank borrowing has been foremost a substitute for interbank funding. 13 If we combine this outcome with the finding above that the difference between high and low borrowing banks in lending responses to shocks in MFI is not obvious, we conclude that the availability of central bank funding mitigated the impact of wholesale funding shocks on bank lending. In line with Ciccarelli et al. (2013) and Giannone et al. (2012) , we find that the extended liquidity operations by the ECB neutralized the effect of the bank lending channel.
[insert Table 4 ]
Size and asset composition
The size of the bank is a determining factor for the transmission of wholesale funding shocks. The growth of lending by large banks (i.e. banks with an average main asset value above the full sample median, measured over the whole sample period) responds more strongly to shocks in S_is than lending growth of small banks (Figure 9 ). This difference -cumulatively measured over 12 months -is greater and statistically significant for corporate lending, while the difference is smaller and not statistically significant for household lending. A plausible explanation for the higher sensitivity of lending growth by large banks to S_is is that securities issued is a more important funding source for large banks than 13 The impulse response functions of a parsimonious panel-VAR model including MFI, S_is and Central Bank borrowing as endogenous variables confirm that Central Bank borrowing reacts significantly and negatively to a shock in wholesale funding, implying that a fall in either MFI or S_is increases the demand for central bank funding.
for small banks (the mean share in main assets of securities issued for large banks is 19% compared to 11% for small banks, see Table 2 ). The effect on lending growth in response to a shock in MFI is larger for small banks, although the difference with large banks is not statistically significant. This also holds for differences in the responses of lending rates with regard to shocks in MFI and S_is (not reported but available upon request).
[insert Figure 9 ]
We also investigate whether the asset composition of banks influences the sensitivity of lending growth with regard to shocks in wholesale funding. The risk profile of the asset side is proxied by the holdings of government bonds. We distinguish banks with a share of government bond holdings in its main assets above the median -measured over the whole sample period January 2010 -from banks with government bond holdings below the median. We take the mean before 2010 to exclude the period of the European sovereign debt crisis. The impulse responses show that lending by banks with high government bond holdings are more sensitive to shocks in S_is and MFI than banks with low government bond holdings, although this difference is only statistically significant in the case of the response of L_nfc after a shock in S_is (Figure 10 ). The sovereign debt crisis exposed banks with high holdings of peripheral government bonds suddenly to rising investment risk. Our results suggest that this urged those banks to reduce lending in order to de-risk their balance sheet. The difference in the responses of lending rates to shocks in MFI and S_is is not obvious (not reported but available upon request). Our result is in line with Gennaioli et al. (2014) , who find that bond holdings correlate negatively with bank lending during sovereign defaults and this correlation can be explained by bonds acquired in pre-default years.
[insert Figure 10] 
Robustness
In our research we focus on the impact of wholesale funding shocks on lending. However, funding through securities issuance and interbank borrowing represents around one third of total funding of the banks in the full sample (see Table 1 ). As a robustness check, we test whether inclusion of the other main funding sources (i.e. deposits of non-financial corporations and households, which equal 35% of total funding) would change the model outcomes. We replace variable Spread with the variable D_nfc_hh, which is the sum of deposits from non-financial corporate firms and households, in models and 4. This also means that lending growth and loan rates continue to show significant positive responses to wholesale funding shocks.
In Section 5 we motivated the ordering of the variables in the p-VAR models. We also performed robustness checks to test the sensitivity of the outcomes for changes in the ordering of the variables. To this end, we put variable ESI last in the ordering of models 2-5. In another check, the wholesale funding variables MFI and S_is are ordered last. The model simulations (not reported but available upon request)
show that the outcomes are not sensitive to changing the order of ESI; the impulse responses barely change. The ordering of MFI and S_is does affect some the outcomes, though. If the wholesale funding variable MFI is ordered last, the impulse responses of loan growth to households and corporations with regard to a shock in MFI are no longer significant. This is both true for the core subsample and the periphery subsample. If the wholesale funding variable S_is is ordered last, the response of corporate lending growth following a shock S_is remains significantly positive (in most subsamples; the effect only loses significance for the large bank and low central bank borrower subsamples). However, the response of household loans S_is loses significance in the complete sample and in the subsample of large firms. These results do not come as a surprise, since it does not seem plausible to assume that banks adjust their lending prior to a shock in wholesale funding which usually comes unexpectedly.
Conclusion
This paper provides empirical evidence on banks' responses to funding liquidity shocks, using data of framework. Hereby we assess banks' responses to funding liquidity shocks through the liquidity channel (adjustments of loan growth) and the bank interest rate channel (adjustments of lending rates).
Orthogonalized impulse responses reveal that the liquidity channel significantly affects credit supply.
Growth in household and corporate lending declines in response to a fall in wholesale funding growth (and vice versa), both with regard to shocks in interbank funding and securities issuance. Corporate lending growth and loan rates are more sensitive to wholesale funding shocks than household lending.
The latter respond more strongly to a shock in securities funding than to a shock in interbank funding, which could be explained by the importance of securitisation for the funding of mortgages.
The effects on loan growth in response to a shock in securities funding are greater for banks in stressed countries and for banks with high central bank borrowing, compared to banks in non-stressed countries and banks with low central bank borrowing. However, differences in lending responses to wholesale funding shocks between high and low borrowing banks are not statistically significant (contrary to the responses of lending rates), particularly not with regard to shocks in interbank funding, which was mostly substituted by central bank funding. This finding suggests that central bank funding mitigated the impact of wholesale funding shocks on bank lending volumes, but less so on lending rates. The size of the bank is a determining factor for the transmission of wholesale funding shocks. Loan growth of large banks that are typically more dependent on wholesale funding, responds more strongly to a shock in securities funding than loan growth of small banks. The same result is found with regard to lending by banks with relatively high exposures to government bonds.
All in all the results show that funding liquidity risk is a determining factor in monetary transmission.
Moreover there is some evidence that central bank borrowing shielded the lending business of banks from shocks in wholesale funding markets. From this we conclude that the unconventional monetary policy measures of the Eurosystem, notably the unlimited provision of liquidity to banks, has contributed to support private credit growth.
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Appendix A. Variable names and definitions
Balance sheet variables are included as month-on-month growth rates; other variables are included in levels
Assets
L_hh
Loans to households L_nfc
Loans to corporates (loans with maturity up to one year + loans with maturity over one year)
Liabilities
S_is
Securities issued MFI
Interbank borrowing
Interest rates
R_lhh weighted average loan rate households on new euro denominated loans. The weights are the MFI individual shares of new lending of different loan types. Loan types are differentiated according to loan purpose and the initial period of interest rate fixation. The loan types are: mortgages ('up to one year', 'one to five year','five to 10 year' and 'over 10 year', revolving loans and overdrafts, convenience and extended credit card debt (only one type), consumer loans ('up to one year', 'one to five year','over five years').
R_lnfc weighted average loan rate corporates on new euro denominated loans. The weights are the MFI individual shares of new lending of different loan types. Loan types are differentiated according to loan purpose, the size of the loan and the initial period of interest rate fixation. The loan types are: revolving loans and overdrafts, convenience and extended credit card debt (only one type), loans up to 1 million euro ('up to one year', 'one to five year', 'over five years'), loans over 1 million euro euro ('up to one year', 'one to five year','over five years'). (*) note: R_nfc is loan rate corporates, R_hh is loan rate households, S_is is securities issued, MFI is interbank borrowing, Spread is money market spread.. Shocks are defined as a 1 standard deviation shock.. (*) note: R_nfc is loan rate corporates, R_hh is loan rate households, S_is is securities issued, MFI is interbank borrowing, Spread is money market spread.. Shocks are defined as a 1 standard deviation shock.. Low govt bonds High govt bonds
Financial markets
Response of L_hh to MFI shock
Periods in months on x-axis
